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Automated director light system for aerial refueling operations 



(54) 

(57) A method and apparatus for generating visual 
information for an operator in a first aircraft and a pilot 
in a second aircraft regarding the second aircraft's po- 
sition relative to a first aircraft. A 3-D camera system 
(72) generates a real time 3-D video image of the sec- 
ond aircraft. A selecting device (82) provides selection 
of a stored geometric model based on the second air- 
craft type. A display monitor (83) displays the generated 
real time 3-D video image and the selected geometric 
model. A matching device (84) matches the displayed 



geometric model to the displayed real time 3-D video 
image- A processor (84) detemnines the position of the 
second aircraft relative to stored zone information ac- 
cording to the matched geometric model and generates 
control signals according to the determined second air- 
craft position. Director lights (88) mounted on the out- 
side of the first aircraft display position information vis- 
ible to the pilot of the second aircraft according to the 
generated control signals. The monitor also displays the 
position of the second aircraft relative to a boom. 
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Deseriptian 

Fiald of the Invention 



roooi] This invention relates to alr-tc^air refueling director light systems and, rTK,re particularly, an improved director 
light system for generating more accurate refueling zone and approach information. 

Rai^k qround ot the Invention 

r00021 Aerial refueling tanker airplanes use aerial refueling booms for transferring fuel to various types of receiving 
K TTie resent U S. Air ForS operational tanker fleet (KC-135 and KC-10) utilizes director light systems that 
orS/Tde dJectbn queuing to receiver pilots after contact has been made between the refueling boom nozzle and the 
fl^eivrnq Srcrars receptacle. OperaL of the director light system is automatic in the contact mode^ The director 
STr^emTndudertwo light an^ys, as shown in FIGURES 1 and 2. The two light arrays include longrtudina ly posi- 
tonXhte ma"disptey present contact position relative to the optimum contact position. The display presents longi- 
tudiSSStrr^ca^^^^^ 

s the refueling aircraft. The light^s may be operated manually by the boom operator using visual cues or bya 
Je^^m^TnaSn of the present c^tact ,isitlon. The present contact position Is detem,ined according to re uehng boom 
e^vZ^l^sitton and telescopic length sensing of the refueling boom when the refueling nozzte and t^ receMng 
aiSJTrSeptacle are coupled. FIGURES 1 and 2 illustrate the director light systems presently used on KC-135S 
and K^VoTr^pectively The light assemblies for both the KC-135 and KC-10 are positioned on the lower fuselage 
, oUhe w^as' leadinq edge The row of lights on the port side of the aircraft indicates aircraft elevation 

TeSt veTo o^^mr^ng p^^^^^ row of lightsln the starboard side of the fusetege indicates -f ueHng bc^ 
teles^ping position or the aircraft's fore and aft position relative to the optimum ^^^^l^'^'^^^^^^^'^ll 
eSe xl^s for generating accuiate contact position Infomiation. Also, they a,e relatively ^-^P'^ ' J'^f "^^^^^^^ 
areeaw for pilots to underetand. This ease in understanding helps lessen the receiving pilots task load, whch is 
aW^J^Z S^e with management of complicated systems internal to the aircraft. However, this «y^»«- ^"'y P^^^^^^^^^ 
co^SSositioninformation. Getting to the contact position can be half 

SmS pl^Ts greatly fatigued or stressed as a result of a difficult sortie, bad weather, or an emergency o' «ome sort^ 
1^ the operator does not receive adequate or any mfomr«tion that may allow the boom operator to direct the 

;^rr;^rS;rb<;Sm'^S'^^^^^^^^ .s presented in U.S. Patent No. 4.158.885 (hereinafter the .885 

S T^eSTSnVSdiS an optLl sensor for sensing receiving aircraft position and two light arrays on the 
S^v o t^T airSft^VtT St arrays are controlled according to control information generated by the op^^cal sensor 
«n?atsJSS^Lp^^2^s ^ system provides useful infomiation through the light array assembly on the re ue ing 
aircra^SfisS^tef thrrecLng aircraft pilot to judge the receiving aircraft's position relative to the refueUng 
h^^H^Ter as sho«n in Figure 1 of the '885 patent, the refueling boom can block the electro^tical sensor's line- 

rnoerousMnS^r^^^^^^ 
SedS^talnteri^rc^^^^^^^ 

ToSSriS^X^r:'iT^^^ for a light system that presents accurate and consistent -eiving al^^ft and 

present invention is directed to providing such a refueling light system. 
50 Summary of the Invention 
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second aircraft positionrelatK/etothestoredzoneinforrnationaccordingtothermtched^^^ 

^rol signals a^rding to the determined second aircraft position. Director lights mounted on outside otf.efijt 
^rcrS dSay position Lrmation visible to the pilot of the second aircraft according to the ^"^^^'S^'!- 
S lnaccSKiancewithotheraspectsofthi8invention.the2oneinformation.ncUidesapr^^^^^ 

5 Jaft plane and an azimuth plane referenced from a predefined point relat«/e to the first aircraft. The con^l ^gna^s 

fndide elevatbn. range and azimuth signals determined according to the detemnined second aircraft posmon relatwe 
to the predefined elevation plane, foreteft plane and azimuth plane, respectively. 
[MOT! In accordance with still other aspects of this invention, the director lights include an 
a fore/alt llghtbar array and an approach lightbar array. The elevation lightbar array illuminates according to the gen- 

10 e^tSefeSionsign^^ 

K'TLordance with other aspects of this invention, the apparatus further includes an image ^"erator for 

g^eithg an elevation lightbar image according to generated elevation signals, a fore/aft lightbar 

prich lightbar image according to generated range signals and an azimuth lightbar image according to generated 

S'siorc^tHht:^^^^^^ 

ed to the first aircraft for viewing the airspace below and att of a predetermined poin on the ° J^^J^'lt^^'^ , 

[WIO] in accordance with other aspects of this invention, the matching device includes a user «iterac«ve device for 
matching the displayed geometric model to the displayed real time 3-D video image. 



so 



Brief Description of the Drawinos 



rOOIIl The foregoing aspects and many of the attendant advantages of this invention will become more readiV ap- 
Sreciitedas the Lme beLr^es better understood by reference to the following detailed descnption. when taken .n 
2S conjunction with the accompanying drawings, wherein: 

FIGURE 1 is a perspective view of a prior art automated director light system as used on a KC-1 35; 

FIGURE 2 is a pictorial diagram with a blow-up view of a prior art automated director light system as used on a 

KC 1 0* 

30 FlGURE3isablockdiagramofanautomateddirectorlightsystemformedinaccordancewiththepresent.nv^^^^ 
FIGURE 4 is a side perspective view of a refueling operation using an autonnated director light system formed in 
accordance with the present inventton; 

FIGURE 5 is a bottom perspective view of the refueling operation of FIGURE 4; 

FIGURE 6 is a perspective view of the bottom of the refueling aircraft as seen by the receiving a'^craft pilot 
35 FIGURE 7 is a diagram of the director light arrays of the embodiment of the invention shown in FIGURES 4-6. 

FIGURES 8 and 9 are views of the bottom of the refueling aircraft; 

FIGURE 10 is a screen shot iHustrating the objects cfisplayed on the boom operator's monitor. 
FIGURE 11 is a flow diagram illustrating the operation of the present invention; 
FIGURES 12 and 13 are partial screen shots from the boom operator display; 
40 FIGURES 14 and 15 are side views of refueling range zones designated geometry; 

FIGURES 16 and 17 are side views of refueling elevation zones designated geometry; and 
FIGURES 18 and 19 are bottom views of refueling azinnJth zones designated geometry. 

Detailed Description of the Preferred Embodiment 

[00121 AS will be better understood from the following descriptton. the present invention is directed to an automated 
director light system for aerial refueling that provides greater infomiation to receiving aircraft p. ots during f '9ht "^^^^^^ 
an approach zone to a refueling hookup position. As shown in FIGURE 3. the automated director light system includes 
a central processing unit (CPU) 70. a camera system 72, directing light system 78. a boom operator interface 74 and 

EoOlS'^ T?ie CPU 70 includes a processor B4 and a zone boundary logic file 85. The camera system 72 includes left 
and right charge coupled device (CCD) cameras 90 and 91 . a video image processor 80 and an ''^^l^^^'^'^^'^J^ 
The boom operator interface 74 includes a user interface device 82 and a monitor 83. The directing light array system 
78 includes a switching unit 85 and light arrays 88. ,.„j™o„«fr. 
S5 [00141 As shown in FIGURES 4 and 5. the two CCD cameras 90 and 91 are mounted approximateV a^jacentto 
each other on a fixed platform v«thin faired housings attached to the lower aft fuselage of a refueling aircraft 94^ The 
cameras 90 and 91 include lenses having remotely operated focus and zoom capability. Each of the '"f hf « a 
three-dimensional (3-D) field of vision cone 96 and 98 tocated aft and below the refueling aircraft 94. Pref erabV the 
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.V or^nio Of the cones is 35» The 3-D cones 96 and 98 encompass a three^inrtensional refuel envelope 100. a 
^ t rfLt?e 1^ tSe re^ 104. the receiving aircraft 106 and an approach zone the rece^u^g aircraft 

rnSnrprl:^^^^^^^^^ 

[0015J La^^f °" . , , viewable by the pilot of the receiving aircraft 106, as shown by lineof-sight 

approach zone hghtoar 110 to appr^^^^^ 

positioned on the port side of luselaga ^e th.m longitudinally positioned on 

the starboard side of me 1(5 The aft ends of the elevation and fore/aft lightbars 112 

L^d Slor^n ttTJlust^^^^ eml^iment of the invention, the approach zone lightbar 110 includes s« 'onf^d^aHy 
1 22 and 1 24 as If they were collocated with lights HC3PT ana M*jr i , ii mo i«»v.oiv y 

f"^*"®' ^ K „H«ho«m in FIGURE 3 the boom operator interface 74 includes an interface device 82 and 

lateral aircraft receptacle posRion relative to the ofrtinruim P^^"^ ^ ^soJCto RGURE 11 . The azimuth 
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[0021J hii^unt u>u5>ucai^ p qeometiic model image that corresponds to the 

?«fl^nas aJcraHcepS relat^/e to optimum boom contact point according to the tracking geome r.c 

Zage anS^Tef^^^^^^ at btock 162. Finally, the system contK^ls the director 'iflM^^^y ^f^*^ 

torre^m^l receptacle position, at blocK 1 64. The final steps a« described in more deta.1 below with respect 

I^i'^^rSiIreS 12 and 13 are parts of the display shown on the boom operator's monitor 83 that illustrate a 3-D 
S 14^ ScSthe bociS U2 and the receiving aircraft 144 and a geometric model inr«ge 146. The video "^9a 
S^essor S eSes digitized video images from the pair of CCD cameras 90 and 91 and 9«"«^«»«^„^^'-; 
K^ri iS^I^ imaaes The digitized video images Include the objects viewed by the CCD cameras 90 and 91 within 
Telt^ cSJsT^dS stScalV. the bol 104 and the rece^,ing aircran 106. The image geneiatorB! then 

re ^SLne^'^'-cT 'SvS . retrieve a stored geometric mode, .at 
L^Spon^s to^rS aircraft 106. As S be readi^ appreciated by those of ^-^^^^'^J^^^^Z^^ 
a number of methods may be used for retrieving a stored geometric model. For example, the boom oP«f«»o^ 
JIT^LT. T „^(al user interface such as a pull-down menu, that lists the aircraft geometnc models stored in 
Tl^Te^l ^cJ^^rT^^X^^^^ with the graphical user interface using the interface device 82. which may 
^kH,^ fomTof ^uteTk^^rd. Aftematively «nage analysis software may be used to 
S^rXret^models. For eimple. the 3-D image ol.hereceivingaircraf.1^ 
aeometric models, whereby the closest matching geometric model is retneved from memory 76 

T^Tretrieved geJnetric model is delivered to the image generator 81. The image generatorSI then ger^erates 
trgl^e^c m^en^^^ at a predefined ^cation on the boom operator disp^y 83. gec^etr. n^e. inr^ge 
1^ is a stick model outlbe 148 that includes a tracking geometrte model nozzle receiver point 150. The stick model 
o^SiriStpTSledroci^JI^dtounkiuegeom^^ 

mSrlo^re^Ster point 1 50 indicates the refueling receptacle position as it corresponds to spectfic aircraft unique 

f^T"M^io'^ in FIGURE 1 3. the geometric model image 1 46 is disp^yed overlaying the receiving aircraft image 
?S^?n o^eMoTa^mplish this overlly. the geometric model image 145 is dragged onto 'f^^;"^;^^^^^ 
reilq aircraft 3-D image 144. Once overlaid, the tracking geometric model nozzle receiver point \50 of the geometnc 
r^enmrqri46 andTeal time image nozzle receiver point 145 of the 3-D receiving aircraft image 144 are coltocated^ 
AS wl l be ^adly ip^^ted by those of ordinary skill in computer graphics art. the images '^y.^^f^VZ^ 
nurTl^er of iSs^vs For example, the boom operator may use the boom operator interface device 82 to activate 
a cur^.rrre gilwc r^^^^^^ 146 and drag the cursor and geometric model image 146 onto the 3-D rece-ving 
IrcraTi^qe 1^^e^he overlay is accomplished, the boom operator will deactivate the cursor, leaving the 3-D 
ri^e^ng^rcrafnmSrm overlaying the gimetric model image 146. More than likely, when the bc«m opej^^ 
oTerlaysth^^^^^^ 

Une-up m orSer to improve the overlay, preferably, processor 84 includes image convergent e°««^^»J^lf^^^^^^ !,^3^ 
geometric model image 1 46 to properly match the real time 3-D receiving aircratt image ^^J^^^^^^^^ 
a orooer match occurs when the stick model outline 148 overlays the components of the real time 3-D receiving aircratt 
ra^ST-^2t3ckmodeloutline148 corresponds to. The imagecx,nvergent software 

3 J.Z The image tracking functionality allows the geometric model image 1 46 to ""-nU^ « P-^'^ ^^^^^ °* 
so the real tirrJL 3-D receLg aircraft image 1 44 as that image moves about the f "9 J^P^jf^^ j.^.king 
[0026] Illumination of the director light system depends upon the processor's detemi.nation ''^^^'"^^ 
L^r^etric model nozzle receiver point 1 50 is rete^^ 

aries FIGURE 1 4 illustrates the geometrical relationships of the range position of the receiver point 1 50 m the airspace 
behfnd Sid below the ref ueling'aircraf. 94 designated for refueling operations. The rece«,er P°>"!:-^"^« 
ss provides information tor the approach and fore/aft lightbar display 110 and 114 -'^/^^ -"^"p^'"^ '^^^^^^ 
boom operator's monitor 83. An initial reference point O^s « the pivot point of t^!,[f '"9 ^^^^.^o^L '^^^^^ 
receptacle position for refueling. The following equations are executed in the CPU 70 for detemnining range position 

of the receiver point 150. 
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Xcb,<Xrr<Xcb^, 

s 

j = zone boundary nunrAier. 

Xrr. Zhr = actual range and elevation values of receiver point 150. 

10 

XcB = boundary range value. 

r00271 First the actual range X^r. elevation Zrr and azimuth Yrr are detennined. The processor 84 determines 
Kual Sge el^atlon and azfr^uth according to receiver point's position relative to refuelnig pn/ot pomt The 
pr^^s^ M anat^es geometric model image 146 as it tracks the real4ime 3-D ^'^^"""g ""X^^^,^^ 
SS^^!^sV«^ ttite anaVsis the receiver receptacle contact point location Prr relative to pivot point O^s- One suitable 
T?^l7^TZ^em awSabteUom TAU Corporation of Los Gatos, California, which integrates .mage anaVs.s 

range values Xcbi ^Bwv 
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Jtange Zone 


Inner 


Outer 


Zone 


Boundary Value 


5 


Designation 


Boundary 


Boundary 


Thickness 


Look Up Table 




Radius 


Radius 


(Inches) 


i — 






D 7 
KZ.2 


510 


525 


15 


1 


510 


f o 


525 


550 


25 


2 


525 






550 


575 


25 


3 


550 






575 


588 


13 


4 


575 


IS 


RZ5 




600 


12 


5 


588 


RZfi 


Ann 


612 


12 


6 


600 




RZ7 




625 


13 


7 


612 




RZg 




650 


25 


8 


625 


20 


RZ9 




675 


25 


9 


650 




RZio 
RZ„ 

RZ12 
RZi3 
RZ,4 
RZ,5 
RZ16 


0 / D 


690 


15 


10 


675 






S10 


120 


11 


690 


2S 


810 


A 

yju 




12 


810 




930 


1050 


120 


13 


930 




1050 


1170 


120 


14 


1050 


30 


1170 


1290 


120 


15 


1170 




1290 


1410 


120 


16 


1290 










17 


1410 
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40 



45 
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SS 



[0029] Table 1 illustrates predefined inner and outer zone boundary, colurnns 162 and 164 f J^^^^^^^^^^ 

different zones Identified by RZ,-RZie. as shown in FIGURE 15. For example, range zone 1 (RZ,) is 15 inches thick 

Srrnne^rd o^^^^^^^ radii of%1 0 inches and 525 inches measured from the refueling probe P^vot j^i^C^^ 

The foCrth column shows zone thickness In Inches and the fifth column shows ^^^^^ ^^^^^^^^^^^^ 

in Sickness with the boundaries located furthest away from optimum contact position having the greatest thickness^ 

FoT^pS mSrc^e d^^^^^^^^^ RZ, is 13 inches thick and RZ,e is 120 inches thick. The ^^^^^^^ 

zone TO. is me inner radius of the refuel envetope 100. The inner radius of zone RZ^^ corresponds to the ou er radius 

oUhe^Su J envelo^^^^^^^ The inner radius ofTone RZ. corresponds to the inner radius of the contact envelope 102. 

The outer radius of zone RZ7 corresponds to the outer radius of the contact envelope 102. 

Table 2 . 



16 
15 
14 
13 
12 
11 
10 
9 
8 



XpR Location 



^Bi6 < ^ ^Bt7 

XcBi4 ^RR ^ ^Bi5 
XcBi3 ^ ^RR ^Bi4 

XcBia"^ ^RR*^ ^Bi3 
XcBii *^ ^RR ^Bi2 
XcBio < ^RR ^ ^Bii 

XcB9 < ^RR ^Bio 



Light and Condition 



XcBb 



FA - Steady 

RF8 - Steady 
RF7 - Steady 
RF6 - Steady 
RF5 - Steady 
RF4 - Steady 
RF3 - Steady 
RF2 - Steady 
RF1 - Steady 



FA • Steady 
RF8 - Steady 
RF7 - Steady 
RF6 - Steady 
RF5 - Steady 
RF4 - Steady 
RF3 - Steady 
RF2 - Steady 



FE - Steady 
FE - Steady 
FE - Steady 
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6 
5 
4 
3 
2 
1 



X^^ Location 



EP 1 0% 075 A1 

Table 2 (continued) 



XcB? < ^RR ^Ba 
XcBs < ^RR ^ 
XcBs < ^RR ^ 

< ^RR ^Bs 
XcBa < ^RR < ^B4 
XcB2 ^RR ^ ^B3 
XcBi < ^RR ^ ^B2 
Xrr ^ XcB, 



Light and Condition 



ROPT - Steady 


RF1 


- Steady 


FE 


- Steady 


ROPT - Steady 










ROPT - Steady 










ROPT - Steady 


RA1 


- Steady 


AL 


- Steady 


RA1 - Steady 


RA2 


- Steady 


AL 


- Steady 


RA2 ' Steady 


RA3 


- Steady 


AL 


- Steady 


RA3 - Steady 






AL 


- Steady 


RA3 - Blink 






AL 


- Steady 



roosoi Table 2 illustrates the condition of lights according to the zone determined range position of me actual rarige 
l°Jue X J M appLch lightbar and fore/aft fightbar illuminations are steady except in the last rowAs sho«^ - the 
C^i"?the .^nge value's less than the inner boundary XcB.of zone RZ,. light AL is in a ^^^l^;:^'^*^":"^ 
fin^ WinSna mode Thus the range infomnation supplied to the receiving aircraft pilot va the light arrays 110 and 
lU^loi^SpSqSy detem^ine rel^^^^ 

Ze P^iirFSs or RZe. the green ROPT light is in the steady illumination mode, thereby «d.cat,ng to the p.lot that 

l~ depe^'g upolTthe types of light aJays used and the amount of infom«tion system developers wish to convey 

horizontal reference plane 190 that extends horizontally from refueling pivot pomt ©zs Preferably, ^on « 
SiasTrShrSeHsanelev^^^^ 

r incnes_ ^RBP elevation zone boundaries are measured from reference plane Zrbp- AZbp, "s a 

S^LX Xne^^eZ\ZZt::Zr^^ lor the zone epua. to i. Again. Z„„ represents aircraft boom 
receiver receptacle elevation position. 



AZrr = Z, 



RR 



ZON 



(3) 



[00331 The processor 84 executes Equation 3 to detemnine whether actual elevation Zp^ is above or below reference 

plane Zp^gp. 



AZp 



< AZrr < AZgp^^ 



(4) 



[00341 once actual elevation ZpB is detennined. as described above the P^*^-^;, JJ^^'^^^^ * '° 

eortne which elevation zone boundaries stored In the zone boundary logic file 85 contain AZrr 

^rMRP i? illustrates a side view of the elevation zone boundaries. There exist four zones. HA1-HA4^in 
SC^r I^rir 7^. Also ..own a,e low ^-"or,^°° ' 

rrteSwce pBne W A ninth zon. exBB bslow «» tow" zons bounday ol zone HB8. 
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c 

9 


Vertical Zone 
Designation 

Above Below 


Upper Boundary 
Relative to Z^bp 
(aZbp.) 


Lower Boundary 
Relative to Zrbp 
(aZbf,+i) 


Boundary Value 
Look-Up Table 

i = ( ) Boundary 




HAl 




-120.0 


-98.0 


1 


-120.0 


10 


HA2 




-98.0 


-60.0 


2 


-98.0 




. HA3 




-60.0 


-22.0 


3 


-60.0 




HA4 




-22.0 


0.0 


4 


-22.0 


IS 




HB5 


0.0 


22.0 


5 


0.0 






HB6 


22.0 


60.0 


6 


22.0 






HB7 


60.0 


98.0 


7 


60.0 


20 




HB8 


98.0 


120.0 


8 


98.0 












9 


120.0 
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rOOSSl Table 3 illustrates the predetermined upper and lower elevation boundaries for each of the elevation zones. 
Son zone th^^^^^^ is predetermined to provide adequate zone thickness for providing accurate e evat.on infor^ 
mation to the TecXing aircraft pilot. Table 3 indicates nine zone boundaries, as illustrated by the far r.ght column. The 
nine zone boundaries create the eight zones HA1-HA4 and HB5-HB8. 

Table 4 



1 

2 

3 

4 

5 

6 

7 

8 



^RR 



Azpf) Location 



AZbp2 < AZrr < AZbp3 

AZbp4 < AZrr < AZpRp 
AZ, 



•RR 

-RR 

-RBP < ^RR < 

-:rr<aZbf 



^^P5 

AZBP5<AZf 



: AZ| 
Zbpb = ^RR 



-RBP 
3P5 



—ore - -^RR < ^BP7 
AZbp7 < AZ, 



Dry -^RR<^P8 



Light and Condition 



HAS - Blink 
HAS - Steady 
HA2 - Steady 
HA1 - Steady 
HOPT - Steady 
HOPT - Steady 
HB1 - Steady 
HB2 - Steady 
HB3-Steady 
HB3 - Blink 



DL- 
DL- 
HA3 
HA2 



Steady 
Steady 
- Steady 
:- Steady 



HB2 
HB3 
UL- 
UL 



Steady 
Steady 
. Steady 
- Steady 



DL - Steady 
DL - Steady 



UL - Steady 
UL - Steady 
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[0037] Table 4 indicates light illumination and the condition of the illumination according to the actual elevation zone 
position Zones i = 4 and 5 are the optimum elevations zones for refueling. Therefore, when -Zrr is .n zone . = 4 or 5, 

15^8?' A^I^o^^^R^^^^^^^ four azimuth zones exist as a result of five predefined azimuth zone boundaries^ 
fSe Tb ? aTotlo; Iw of the azimuth zones as they extend from pivot point O^s- The opt^um ref uel.ng po.nt 
PoN is along the airplane centerline 126. thus creating the reference azimuth plane. 

Tables 



Azimuth Zone 
Designation 


Outer Boundary Angle 
(deg) 


Inner Boundary Angle 
(deg) 


Boundary Value Look Up Table 




i=( ) 


q)VB(^®9) 


R1 


<pVB 
+15.0 


cpVB 
+6.0 


1 
2 


+15.0 
+6.0 
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Azimuth Zone 
Designation 


Outer Boundary Angle 
(dag) 


Inner Boundary Angle 
(cJeg) 


Bounctery Value Look Up Table 




i=( ) 




R2 

LA3 

LA4 


+6.0 
-6.0 
-15.0 


0.0 
0.0 
-6.0 


3 
4 
5 


0.0 
-8.0 
-15.0 
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3S 



rnnorn A« «.hown in FIGURE 19 the four azimuth zones are labeled port to starboard LA4. LA3. R2. and R1 The 
^^r^«rJt^2r ^Su^i.?^gtes in degrees relative to the refererK^e azimuth plane are Illustrated in the m.ddle two 

executes Equation 5 to determine azimuth values on the boundary lines. 



40 



YvB =X„RTANevB, 



(5) 



o -anale of azimuth boundary equal to (relative to the centerline of the airplane. 

5:^,; *e di^t^ce from the cemerli'ne of airplane at a «nge of X„p that intercepts the azimuth boundary eve.- 



(6) 



ro0401 once the range values that intercept the azimuth zone boundaries are known tt.e actual azimuth position 
Y^ust JL«sfy EquaL 6 to detemiine the zone location of the boom nozzle rece^er 107. 

Table 6 



i = 


Yrr Location 


Light and Condition 


1 
2 
3 
4 
5 


YVB2 > ^ "^VBa 
Yrr = 0.0±12.0 

YvBa > YrR > ^VB4 
YvB4 > "^RR ^ "^VBs 


AL4 - Steady 

AL3 - Steady; AL4 - Steady 
AOPT - Steady 
AR2 - Steady; AR1 - Steady 
AR1 - Steady 



10041] Table 6 displays azimuth light illumination and "'-■"f ^ ^^^^^^^^^ S^r 
24 inches. 12 inches on either side of the centerline, which acitvates light AOPT 



45 



SO 



ss 



Xrr > XcB., and; 



CB,T 



'VB, 



<Yrr <YvB.and 



(7) 



RR 



... .• ^, ■ tK- i!„hth«« 110 112 and 114 are always illuminated at an intensity less than full illumination 
[0042] All lights in the lightbars 110, and ii^are ai y , intensity illumination 
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a stored geometric rrodel based on the 3-D video Image of the second a'^raft; „-o_,etric model" 

a diSDiav device for displaying said generated real time 3-D video image and said selected feornetnc rrode . 
a mSng^s for matting the displayed geometric model to said displayed real time 3-D video image. 

:?rso:rdrsr^™^^ 

to said matched geometric model and generating control signals according to said detem,ined second aircraft 

^^\ms mounted on the outside of the first aircraft for disp^ying pos«ion informatton vfeible to the pilot 
30 Of the second aircraft according to said generated control signals. 

2. The apparatus of Claim 1 , wherein: 

said zone infomiation comprises a predefined elevation plane, fore/aft plane and azimuth plane referenced 

Sconralrcratt position relative to said predefined elevation plane, fore/aft plane and azimuth plane, respec- 
tlvely. 

40 3. The apparatus of Claim 2, wherein: 

saiddirectorlightscomprise an elevation light barar«y.afore/aftlightoar array and an^^^^^^ 

said elevation light bar array illuminates according to said generated elevation signals, and 

S fdreSghLr array and approach lightbar array illuminate according to said generated range signals. 

^ 4. The apparatus of Claim 2. further comprising an image generator for generating: 
an elevation lightbar image according to generated elevation signals; 

a tore/aft lightL image and an approach lightbar image according ""^ 
so and an azimuth lightbar irr«ge according to generated azmuth signals on sa«J display device. 

5 The apparatus of Claim 1. wherein the 3-D camera system comprises two CCD cameras nr.o"nted to the first 
Jr^raEr Tewing the airspace below and aft of a predetermined point on the bottom of the first a.rcraft. 

55 6 The apparatus of Claim 1 , wherein said matching means comprises a user interactive device for matching the 
displayed geometric model to said displayed real time 3-D video image. 
7. A method for generating visual information from a first aircraft to a pilot in a second aircraft regarding the second 
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aircraft's positk>n relative to the first aircraft; said method comprising: 

generating a real time 3-D video image ot the second aircraft; 
storing at least one geometric model ot at least one aircraft; 

selecting a stored geometric model according to the 3-D video image of the second aircraft; 

d Wing said generated real time 3-D video image and said selected geometrrc model on a display devtce 

withn the first aircraft; « „ 

matching the displayed geometric model to said displayed real time 3-D video image; 

storing predefined zone information; 

determining the position of said second aircraft relative to said stored zone infomr,at.on according to said 

matched geometric model; ^ « „■ 

generating control signals according to said detennined second aircraft position, and 

displaying position infomiation visible to the pilot of the second aircraft and an operator within the first aircraft 

according to said generated control signals. 

The method of Claim 7, wherein: 

said zone information comprises a predefined elevation plane, fore/att plane and azimuth plane referenced 
from a predefined point relative to the first aircraft; and vi ^=i»™i„art 

said control signalscomprise elevation, range and azimuth signals detemimed according f 'fj^'^™*^ 
aircraft position relative to said predefined elevation plane, fore/aft plane and azimuth plane, respec- 

lively. 

The method of Claim 8, further comprising: . , „ , „uft,=r i,r,=.„o 

qenerating an elevation lightbar Image according to generated elevation signals, a fore/aft l.ghtbar image 
and an apXh lightbar image according to generated range signals and an azimuth l.ghtbar image according 
to generated azimuth signals on said display device. 
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